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SUMMARY 


Simile pilot instrument t l iaht rule (SP1FR) opor.it ions have 
problem areas which may cause pilot errors that result in acc i - 
dents. Problems and suaaostod research areas to solve these 
problems were determined by examining ami analy/ina the accident 
tiles ot t lie National Transportat ion Satety hoard 1 or the years 
l ‘>(>4 through l l >75 inclusive. 

The acc idem reports examined wore rest l aoti'd to instrument 
rated pilots tlyuui in actual IKK weather. A briet examination 
was made ot accidents which oocurred during all phases ot t 1 iaht 
and which were due to all causes. A detailed examinat ion was 
made ot t hose accidents which involved a simile pilot which 
occurred durina the landina phase ot t l iaht , and were due to pilot 
error. It was found that there were R77 simile-pilot pilot error 
accidents, -l-h< ot which oocurred durina the landimj phase, and 135 
ot the -lit* had tiled an IFR fliaht plan. The reports on these 135 
accidents were examined in detail. It was t ound that the SPll'R 
pilot error landina accidents examined increased three times 
taster than the dual-pilot pilot error accidents durum the same 
time period. Most pi lot s involved lie Id commercial cert i t icatos 
ami had an averaae ot 1000 hours total t 1 iaht t ime. 

Problem areas were found to be pilot workload, low visibility 
at niuht due to tea and low ceil inns, icinu on aircraft not deicer 
eputpied, imprecise nuviaaiion, failure tv' remain above minimum 
alt i tudes, m i smanaeement ot tuel and low instrument t ime. Some 
suaaested areas o» rosoaroh include new t ypes ot do icinu or ant i- 
icimi equipment, st utidard i zed navinat inn instrument displays, 
improved fuel munuueinent systems ami bet I ei methods tor pilots to 
sately acqu i re experience ami increase prot ioiencx in SPIFF 
ope i at ions. 

I NTROIUVT ION 


As a winkle, uotioial aviat ion is satet now than in the past. 
This is evidenced by the fact that the t ot a 1 numboi ot aoneral 
aviat ion accidents had loereusod invi t lie past ten years while 
tin' activity has more than doubled. Howevei , the number ot 

* Un i ver s i t y o t F l oi i via , F.a l nosv i 1 1 e , Ft. 


accidents involving instrument rated pilots operating under 
instrument flight rules (IFR) and instrument meteorological 
conditions (IFR weather) had consistently increased and this is 
of great concern to the aviation community. The cause of these 
IFR accidents is usually attributed to pilot error rather than 
hardware failures. 

A general consensus is that one of the problems related to 
pilot error is the high single pilot workload on an instrument 
flight. To determine if this consensus is true, to define other 
problem areas, and identify areas of research in single pilot IFR 
( SPIFR) operations , it was decided that the general aviation 
accident report files of the National Transportation Safety 
Board ( NTSB) should be examined and analyzed. 

The NTSB accident files were available on magnetic tape for 
the years 1964 through 1975. Each accident report contains as 
much information as available on the facts surrounding the 
accident, and the judgment of the NTSB as to the probable causes 
and factors contributing to the accident. Many accident reports 
have remarks included which give unusual information about the 
accident and insight not otherwise available in preformatted 
reports . 

Prior to any examination of the accident data, it was decided 
that the data base would include only general aviation, fixed 
wing aircraft, and instrument rated pilots flying in actual IFR 
weather. Preliminary examination of the data using this criterion 
yielded over one-thousand accident reports. Over half of these 
accidents occurred during the landing phase of flight (the 1 landing 
phase is defined as that portion of the flight from the initial 
approach fix inbound until the aircraft reaches the missed 
approach fix or taxis off the runway) . The high percentaae of 
accidents durinq the landing phase was felt to be significant due 
to the relatively short time span the landing phase occupies 
compared to the total duration of a flight. Because of the large 
number of accident reports and because so many occurred during 
the landing phase, it was decided that this report should empha- 
size this phase of flight. It was felt that for detailed 
examination, only those accidents where pilot error was involved 
should be used to give the best insight into the problems of 
SPIFR operations. 

The accident reports were examined and the data were analyzed 
as twelve year totals. A detailed examination and analysis was 
made of reports of accidents which occurred during the landing 
phase. These landing phase accident reports were examined in 
terms of pilot erior, the variables of flight, and the pilot's 
proficiency. The specific pilot errors are tabulated against 
other accident cause/factors to determine if certain pilot errors 
can be consistently associated with specific contributing cause/ 
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factors. The different variables of a flight ate cross 
referenced and examined quant i t at i vel y to discover any problem 
areas. Finally, the pilot's experience t s examined with 
reqard to total fliqht time, actual instrument time, time in last 
90 days, and time in the type of aircraft to determine if the 
pilot's experience is a significant factor in SPIFR landing 
accidents. Information obtained from the "remarks" of the NTSB 
reports is included with other data ,is necessary. 

Appendix A is a glossary which is included to help clarify 
many terms and phrases. Some terms used in the accide * reports 
are defined sliqhtly different or more specifically than the 
usual definition. Appendix B is a list of abbreviations used in 
this report. 
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RESULTS AND DISCUSSION 
Phase o f F 1 i g ht 

Figure 1 shows the distribution of SPIFR pilot error 
accidents with respect to the phase of t 1 ight and a comparison 
between the total number of accidents and the number of fatal 
accidents. There were no fatal static or taxi accidents. These 
data include flights which were or were not on 1FR flight plans. 
The data show that just over halt the accidents occurred during 
the landing phase while the majoritv ot the remaindei occurred 
dui i ng the enroute phase. 

Figure shows t ho phase of t 1 ight data and the number ot 
general aviation TFR approaches separated by year. The number 
of take off, enroute, and landing phase accidents have tended to 
increase over the t imo span whi le the number of stat ic and taxi 
accidents have tended to remain constant. The top set ot data 
in figure J shows how general aviat ion 1FR act ivity has increased. 
These data are the number ot general aviat ion instrument 
approaches handled by Federal Aviat ion Adm i n i st rat ion ( FAA) faci- 
lities. (Ref. I, and telephone convorsat ions with the Informat ion 
and Stat istics Division at FAA Headquar t ers) . The number of 
instiument approaches includes only aircraft on IFR flight plans 
making approaches during actual IFR weather. These data are 
considered t o be the best available measure ot ict ivity during 
actual IFR weather. 


In t inure ', the number ot 1FR accidents in each phase ot 
tliqht has been divided by the number ot instrument approaches to 
show how the number ot accidents per IFR act ivity has chanqed 
over thi' years. A linear regression was used to obtain a rate 
ot ehaiuie on the number ot accidents. This analysis shows that 
IFR land inn phase accidents decreased at a rate ot 4.4 accidents 
per 100,000 approaches per year and entente phase accidents 
decreased at a rate ot b . 7 . A linear renressicn on the IFR taxi 
and takeoft data shews them to have decreased .it one-tenth the 
rate ot enroute accidents with poor con elat ion. A better 
approx imat ion ot taxi and takeoft accidents is a curve noinn 
asymptot ical ly to a small number. 

Pilot Friar and Related Cause Factors 

Finnic 4 presents data ot accidents which occurred durinu 
tlu' land inn phase and shows that sinnle-pilot pilot error 
accidents account tor the majority. A line.it repression was 
applied to the data to obtain straight line approx imat ion. This 
analysis shows that single-pilot pilot error accidents increased 
at a rate of 4 . r > accidents per year while dual-pilot pilot error 
accidents increased at less than one-third this rate. The 
simile-pilot and dual-pilot accidents that were not caused by 
pilot error appears to vary about a mean. Simile and dual— pilot 
not pilot e* rot* accidents both had means ot 1.7 accidents per 
year with standard deviations of 1.8 and 2 . h , respectively. It 
is thought that accidents not caused by pilot error remained 
steady while the total activitv increased because improved 
aircraft equipment over the time period increased aircraft 
re 1 i ab i 1 it y . 

Over the time period considered, 72 percent ot the IFR 
landinq phase accidents involved simile pilot oper.it ions. Ot 
these, 87 percent were attributed wholly or in part to pilot 
error. This is compared to the 28 percent which involved dual 
pilot operations, 7 r > percent of these were attributed to pilot 
error . 

Table 1 aives the frequent ly cited cause taetors ot Sl'lFR 
pilot error accidents which occurred while on IFR t liqht plans. 

Out ot more than t ifty possible specific pilot errors., those 
which occurred in at least t en accidents are listed across the 
top of the table. Out of approx i mu t e 1 y l)I ' nonpilot error cause 
taetors which were cited, only t hose which appeared i’i combin.it ion 
with the same specific pilot error in at least ten ace; lents are 
listed ulomi the side. Since the NTSB ran .live each accident 
as many as ten probable cause tactois, the numbers in Fable 1 cun 
add to more than the number of accidents. 
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Impr oper I F R Oper a t ion 

Table I shows that improper IFR ope rat ion was qiven as a 
probable cause/factor in 170 of the 335 SPIFR-pilot error landing 
accidents. Low ceilinq and fcg were also cited as cause/f actors 
in many of these same accidents. In such cases, the accident 
usually was caused by the pilot beinq too low, off course, not 
executinq a missed approach, or enter inq known or forecast 
moderate or severe icinq. 

Descendinq below minimums durinq an instrument approach and 
not executinq a missed approach when required is an example of 
improper IFR operation. In many accident reports citing improper 
operations, additional cause/ factors are qiven to explain why the 
pilot descended too low. These cause/factors include diverted 
attention from the operation of the aircraft, failed to follow 
approved procedures and directives, anil misread or failed to read 
instrument s . 

Low ceilings were also a cause/factor in 68 of the 170 
accidents where improper operation was a cause/factor. A low 
ceilinq results in the pilot not beinq able to transition to 
visual flying until he is very low, and implies the presence of 
precipitation and possible icing if the temperature is below 
freezing. When low ceilinq was cited as a cause factor, the 
ceiling was usually below 500 feet. The minimum descent altitude 
or decision height (MDA or OH) for the approach was not reported for 
these accidents, so the difference between the ceiling and MDA 
or DH cannot be compared. 

Fog was a cause 'factor in 104 of the 170 accidents involving 
improper IFR operations. An example of improper IFR operation in 
this case would be the pilot descended too low or delayed execu- 
tinq a missed approach or both. As will be discussed later, fog 
and low ceilinqs usually occurred toqether. 

Improper IFR operation was listed in conjunction with 10 ot 
15 accidents involving known pilot fatigue. Pilot fatigue was 
considered a cause/factor when it was known the pilot had been 
flying all day. It is impossible to know from the accidents 
reports how many other pilots were suffering from fatigue due to 
other activities. Fatigue decreases the workload the pilot can 
handle sat isf act or i 1 y and increases the chances for improper IFR 
operat ion. 

I c i ng 


Table 1 shows that 56 accidents had icing cond i t ions as a 
cause factor, and 13 ot these also had improper operat ions as a 
cause factor. Icing conditions implies that the aircraft 
encountered aircraft ice or an icy runway. Aircraft ice includes 
airframe, windshield or propeller ice. Airframe ice was listed 


on 4 7 iK\' i don t s , windshield ioo on JO .looiilont and propeller 
ioo on J. Ioy runway was listed on 14 aoc idents. 

FAR ‘M.JO° t'or laroe and t ml' i no-powei od null t ion>i nu 1 airoratt 
statos that a pilot nay not i nt on t i ona 1 1 y My into forecast or 
known ioino or moderate or sovoro intensity without proper doieino 
anti-ieinq equipment. In aooidonts wlioro tin' pilot flow into known 
ioino, tin' cause. fact ors won' oonu i dorod to be combinations ot 
impropei IKR operation, at t ompt od opoiation with known dofioioncios 
in equipment , and impropor prot'liqht proparat ion ot planning. In 
sovoral aooidont: , impropor IKK operat ion was o i t od t ot descend mo 
too low, or fail inn to oxoouto a missed approach. Pilots may havo 
intont ionallv descended too low in hopos ot «iot t i no out ot ioino 
ootnl i t ions or may not havo oxooutod a missod appt oaoli because ot 
pool - climb portopiaiu’o and t ho daintor ot inoroasod ioo. In somo 
cast's, ioino caused dot or i ora t i on in t ho aircrafts* performance 
and control to the point wlioro the pilot lost control ot tin' 
airoratt. Those accidents won' controlled ot uncontrolled collisions 
wi th t ho oround . 

All pilots that encountered i c i no did not necessarily violate 
IKK procedures. In c tses whore they d i d not, the causo ot the 
accident was tailuro obtain maintain t lyitni spot'll, or improper 
level oft and median i cal overload failure. In these accidents, 
the aircraft was controllable but suffered t tom some dot or iota t i on 
in performance which the pilot did not compensate tot properly. 1 e i na 
ootid i t ions was not oivon as a cause factor in some accidents with 
windshield ioo. This implies the windshield may have frosted ovet 
* 4 vhen tin' airoratt descended from free.* i no temperatures into clouds 
above tree/ i no temperatures. The primary cause ot such accidents 
usually was oiven as n i sa 1 i onment with the runway or intended 
1 and i tut area. 

The problem ot i o i no is important in SK IKR opi't at ions because 
many ot the types ot aircraft involved are the smaller aircraft 
which are not doieino ant i-ioitio equipped. Many small aircraft 
do not have the powoi available to di ivo doieino ant i-irino equip- 
ment. The situations where ioitio is encount rred arc infrequent 
and usually avoid ible in SRll’R operat tons, therefore, ileicino 
anti-icino equipment is not cons idered cost effective. Suooestod 
areas ot research ire the development o' a low-power cost- 
effective doioino anti-icino system for small aircrafts and 
improvi'd ioino forecast ino detect ion techniques. 

Kui' 1 Kxhaust i on 

Table 1 shows l J accidents has m i smananement ot fuel as a 
cause factor and 14 o t those experienced fuel exhaust ion. The 
KAR * s state that if the intended dest in.it ion's woathot i s forecast 
to bo below certain minimums, the pilot mist start out with 
etiouoh fuel to complete the f l i oh t to the first airport ot 



intended landinq, fly from th.it airport t o an al tomato airport 
and t ly thoroaftor tor 45 ininutos, In tin* accidents oamn'd by 
fuel exhaust ion, tin* data *.K> not show it tin* pilot ran out ot 
till* l at Ins t i rst intondod dost itiat ion or at Ins altornato 
destination. In six ot tin* 14 acoidonts whore fuel oxhaust ion 
was a cause factor, the pi lots wore cited tor inadequate profliqht 
propat at ion or plannitnt. 

Many small aircrat ts klo not have fuel t low qauqes, tln*roforo, 
it is impossible to accurately know how last tin* l is beitiq burned, 
lienor a 1 1 y , tin* pilot est imates the endurance t ime based on tin* 
fuel aboard usimi tin* average tuel consumpt ion of his aircraft. 

The actual fuel consumpt ion will be somwhat different, depend inq 
on at oss weiaht, etni i tie com! i t i ons , leanina pt ocedutes, and other 
factot s. Many aircraft fuel quant ity aauaes do not aive aivurate 
readinas of the fuel remain mu. In add i t ion to this, tin* aaitoes 
are small and are marked only to aive approx im.it e 1 y values. 
Therefore, unless the pilot suspect s a latae error, he is not 
likely to reest imato the fuel consumpt ion in fliaht because ot 
tin* increase in workload it causes. A possible area ot study is 
accuracy of present day aauaes and fuel man. Moment instruments 
which aive accurate information on fuel remainina and t 1 v i na t inn* 
reiiu i n i na based on the present fuel t low. 


M i ss i on Vat i ab 1 os 


Mission variables are the different com! it ions sur round i na 
the t liahts and subsequent accidents. Those vat iables are 
examined to dotormiao wliat cotui 1 1 ions complicate a laiuiina 
approach and t . determine it the accidents wore duo tv' improper 
aircraft control or tv' imprecise nav ivtat i on . 


The NTSU accident .analysis computet pi out am was used tv' 
tabulate the number of accidents in terms ot certain values or 
ratiqos v't user selected pairs of mission variables. Table 11 is 
a matrix v't tin* different vat iables it is possible to tabulate. 

The X's and O's indicate which pairs v't vat iables wore examined 
duritM this study. Tin* 0*s indicate oithet that one or both v't 
tin' variables were not recorded on the ma iot ity v't the accident 
reports, or that the variables did not show interest in.j trends. 

The X’s indicate oombinat ions v't variables which were available 
i'ii a sufficient number v't reports and exhibited interest in.) trends. 
This information is presented in Tables 111 t lit ouqh X and 
discussed in this soot ion. 


At the t v'p v't each table is tabulate.! the most serious 
in jury which ooourted in ouch accident. Injury can be used tv' 
measure the severity v't an accident. It is felt tv' be a bet tot 
indicator than damnoo since in vittuallv all the accidents whore 
there was a fatality, the ait er.it t was dost roved but in accidents 
where there wore no in jut les, the ait erat t st ill was destroyed v't 
subst ant t a 1 1 y damaqed. Some of the data presented in tin* tables 


’ 
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are included for completeness and will not be discussed in the 
text. Data on pilot's certificate, occupation, and ratings will 
be discussed in the section on pilot's experience. 

F 1 i a h_t P urpo sje 

Table 111 presents the flight purpose in terms of selected 
mission variables. Pleasure flyinq was the most common fliqht 
purpose, followed by business, corporate execut ivo and air taxi. 

The percent of accidents in below IFR minimums weat tier and the 
percent of fatal accidents vary as a function of fliqht purpose. 
Pleasure fliqhts had the lowest porcentaqe of accidents in below 
minimum weather with 14 percent. Air taxi-carqo operations had 
17 percent while business and corporate fliqhts each had 18 
percent in below minimum weather. However, air t ax i-passenqer 
operations had 30 percent of their accidents occur in below 
minimum weather and ferry operat ions had the hiqhest porcentaqe 
of below minimums accidents at 45 percent. For pleasure, air 
taxi-carqo, and corporate fliqhts an avoraqo of 37 percent of 
accidents were fatal while for business fliqhts and air taxi- 
passenqer operations, 4 l i percent of the accidents were fatal. 

Those d i str i but ions probably reflect the psycholoq ion 1 pressure 
on the pilot under different types of operat ions. 

Wea t h er Hr i of i nq 

Table IV’ presents the type of weather brief inq received by 
the pilot. The accidents of pilots briefed in person involved 
fewer injuries and occurred less often in below minimum weather. 

For the pilots briefed in person, 40 percent of their accidents 
had no mint les and 15 percent occurred in below minimum weather. 
Whereas, pilots briefed by phone had J8 percent with no injuries 
and 18 percent in below minimums and pilots briefed by radio had 
only JO percent with no injuries and >J percent below minimums. 

It is thouqht that the pilot who acts an in-person briefinq realises 
the value of indepth weather information more than the pilot who 
spends less time and effort on his briefinq. Since pilots briefed 
in person do not have as many accidents in low IFR and below 
minimum weather, it is thouqh that these pilots are dec id inq not 
to fly in these weather conditions. 

The in-person interview is the only type of briefinq where 
t he pilot can view the weather charts and form a qood mental 
picture ot the locat ion, extent and movement of siqnif ioant 
weather. The in-person briefinq is less convenient but is 
usually more complete. Pur inq an in-person or a telephone 
briefinq, the pilot can usually qive more attention to the 
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brio! i na than it it was a radio brief ina. A brio! i tui by radio 
would toiul to oontain only t ho ossont ials in ordor to minimize 
transmission t 1 nu' , and t ho pilot would also rotain loss sinco ho 
is oonoornod with ot hoi oookpit dut ios at t ho santo t into. Any 
woathor bi iofina rooi'tvod whilo infliaht would oortainly incroaso 
pilot workload morr than it t ho briofma had boon dono prior to 
take oft. It may bo moro ourmit , howovor. 

Obs truo t i on to Vision 

1’ablo \’ prosont s t ho obstruotions to vision a, t ho accident. 

Tho tablo sltows that too was t ho overwhe Imi na oauso of poor 
visibility in tho aoonionts horo. In ovor halt tho aoo idonts, 
tea ooourrod in ooniunot ion with ptee i p i t at i on . This further 
hampors vision by blurt ina tho v i ow and suoaost s that tho t oa 
oxistod bo 1 ow a moro solid o l oud layor. Tho prosonco of low 
ooilinas and. t'oa toaothor is subst ant i a t od by tho informat ion in 
tho briots No obstruotion to vision was aiven in 40 poroont of 
tho accidents. Howovor, i> r ' poroont ot t hoso aoo idonts had 
prooipitat ion and assooiato.l oloud ooilinas which would lost riot 
oookpit visibility. An aro.i of rosoat\Mi is in altornato mot hods 
for temovina wator from amoral aviation windshiolds. 

Tho aooidonts in tho mountains tondod to havo aonorallv 
hot tor woathor than in othor tori a ins. Only .'8 poroont ot tho niaht 
aooidonts ooourrod in tho mountains oomparod to r 1 poroont on 
lovol land. Also, b> poroont of tho mountain aooidonts ooourrod 
in visibility ot otio milo oi loss whilo r ' 8 poroont of tho accidents 
on lov’ol land had oomparablo visibility. It appoars that pilots 
flow loss or were moro oautious about fly inn in mountains whon tho 
visibility is poor, especially at niaht. 

Pond i t i on o f 1 , i ah t 

Tablo V 1 qivos tho condition ot liaht at tho t into of tho 
aooidont. Thoro woro 180 accidents at niaht and 1 dur i na day- 
liaht hours. Tho total numbor t niaht oporat ions is not known, 
but it is thouuht to bo loss than tho nuitiboi ot davliaht oporations. 
It this is truo, t lion tho numbo* - of aooid.onts pot* oporat ion is 
ovon aroator at niaht. 


Mos 

aoo 

OX 1 

c o i 

OO l 

a i r 
ros 
t ho 

o I 
a 1 1 


Already existent •orobl-ms soom to bo maanit l od at niaht. 
t fatal and sot tons in'ui ios occurred at niaht. Most ot tho 
idonts where the visibility was one mile or loss, whore too 
st od and. prooipitat ioi oxistod, occurred at niaht. A vari iblo 
1 nia also presented moro of a problem at niaht . The variable 
1 ina at niaht would oauso ditfieulty in dotorminina when the 
craft b’oko out of the overcast. All of those are visibility 
ti lotions which would oauso tho pilot to bo distracted from 
control panel to look fot liaht s before ho had any possibility 
see ina thorn. because ot this, the pilot mialit not notice 
i tude, com so , or attitude deviation until it was too late. 
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This suggests the need for now warni.no devices and improved 
stability a nd con t ro 1 . 

Most of the controlled collisions with a stationary obiect 
occurred at night. At night, the pilot is dependent on ground 
lights to see the ground and airport, but restricted visibility 
reduces the light which can reach the aircraft and increases the 
reflection of * rcraft rotating lights back at the pilot. The 
high number o' accidents in terrain which it: dense with trees 
indicates a problem in unpopulated areas at night. There are 
tew ground lights to cue the pilot on his clearance between t ho 
ground or tree tops. 

It is also more difficult to notice ice forming on an 
aircraft at night than during the day. If the pilot uses a 
flashlight to died; the wings for ice, lie has not only introduced 
a very attention consuming task into his workload, but lie has 
increased the possibility of spatial disor iontat ion because he 
must turn his head through large angles. Accidents where freezing 
temperatures were given in the data occurred more often during 
the day, but freezing precipi tat ion was most often present in 
accidents at night. The briefs indicate that spatial disorienta- 
tion usually occurred at night. 

Phase of I and i ng 

Table VII gives the particular phase of landing the aircraft 
was in when the accidents took place. Over twice as many accidents 
occurred during the final approach as occurred during either the 
initial approach or level off touchdown. The final approach and 
missed approach phase accidents are strongly related to low 
visibility. The number of accidents which occurred on final 
doubled for each one mile decrease in visibility. Man/ of thes«. 
accidents occurred in what is considered to be very low visibilitv. 
Almost 30 percent of the final approach and 15 percent of th' 
missed approach accidents had visibility of one-half mile or less 
at the accident site. In 10 percent of the final and 15 percent 
of the missed approach accidents, the weather was below landing 
mini mums. The cause of the low visibility was fog in over SO 
percent ot the accidents. 

During the final approach the pilot must transition from 
instruments to visual and see the airport without descending 
below the minimum altitude. If the pilot is not able to make 
visual contact by the time he reaches the missed approach point 
he is required t o execute a missed approach. 

In weather which is near or below landing minimums, the 
pilot probably knew aprior i he would not be able to complete the 
approach. If the pilot was psycholog ion 1 1 v conditioned that 
the norma 1 procedure was a missed approach rather than the 
landing, then he would react quickly and proper ly if the runway 
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t s iii'* 


i .tilt e'.i . 

rho numhe'i .'? .uvuii'iit:; .int imi t ho ituti.il approaoh .i ni not 
v.u \ subs t .int t a 1 1 \ s a tunotion e't visibility >'i oomi 1 1 ion ot 
lio.ht. Hus is probably boonusu tin' pilot's; at tout ion i ;; oonoon- 
?i.iti'»l in tin' oookpt t lint imj this phaso ot t ho appro. toll. Vhc 
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Without ASK, tho pilot must, in most oasos, : l\ e'ut bourn! t rom the' 


locator outer marker along the localizer, do a procedure turn and 
then intercept the localizer inbound for the approach. This 
involves four major heading changes, altitude changes, timing of 
the segments flown, and making wind corrections. With ASR, the 
pilot is instructed by a radar controller what heading and alti- 
tude to fly until he intercepts the localizer inbound. In this 
case, there is no timing, no procedure turn, and not as much 
cognitive workload required. It is hypothesized that the reduced 
workload for the pilot on the ILS and ASR and the accurate 
position information available to the controller, accounts for 
the difference in accidents on initial approach. 

The NDB approach had the highest percentage of accidents during 
initial approach, 37 percent. The NDB approach was the only 
frequently used instrument approach where over half the accidents 
were fatal. The topography at the accident site was most often 
mountainous, whereas, on most other type approach accidents, the 
topography was level. 

The NDB has the advantage of providing approaches to airports 
in mountains where the terrain prevents the use of VHF radio 
equipment for instrument approaches. Its disadvantages lie with 
the airborne equipment, the automatic direction finder (ADF) , 
which receives the NDB signal. The display readout is often of 
poor accuracy and the display can give only indirect position 
information and does not give on-course information. A possible 
area of research would be designing a low/medium frequency 
receiver which gives position and on-course information more 
accurately and directly than the present day ADF. 

The localizer back course type of approach had the lowest 
percentage of fatal accidents of the different ii st rumen t 
approaches. The ASK only approach had the highest percentage of 
fatal accidents with 60 percent. This high percentage of fatal 
accidents could be due to the relatively low precision of ASR 
approaches. However, the low number of samples in both these 
cases make the statistical validity low. 

The visibility was generally poorer on the ILS approach 
accidents than on other types of precision and nonprecision 
approach accidents. The median visibility at the ILS accidents 
was between 3/4 and 1 mile and the mean was 1.3 miles. These 
low values are thought to be due to the lower landing minimums 
allowed on an ILS approach. The VOR and NDB approaches have 
higher landing minimums and, as expected, the accidents tended 
to occur in slightly better visibilities. The VOR and NDB 
accidents both had a median visibility between 1 and 2 miles 
while the VOR had a mean visibility of 1.9 miles and the NDB had 
a mean of i.6 miles. 

It appears that night accidents vary more as a function of 
MDA than visibility. The pilot is allowed to descend lower on an 
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ILS than he can on a VOR or NDB approach, and straight-in 
minimums are lower than circling minimums. There were over three 
times as many night as day accidents on ILS approaches. On NDB 
straight-in approaches there was exactly twice as many accidents 
at night, and on the VOR straight-in and LOC approaches there was 
slightly less than twice as many at night. There were more VOR 
circling, NDB circling and LOC back course accidents during the 
day. 


The current procedure allows the same landing minimums for 
an airport whether it is day or night. A study should be done 
to determine if certain types of approach procedures should have 
a different minimum descent altitude for day and night. 


Type of Accident 

Table IX gives the type of accident. From the type of 
accident it can be determined if the accident was due to aircraft 
control or imprecise navigation (including altitude deviation). 

The types of accidents categorized as controlled collisions 
with ground/water, trees, wires, poles '»r towers have been 
grouped together as controlled collisions with a stationary 
object because it is felt that these types of accidents are 
basically similar. This group accounts for 45 percent of the 
landing phase accidents, and includes 81 collisions with trees, 

61 collisions with the ground/water, and 10 collisions with 
wires, poles or towers. Controlled collisions with a stationary 
object occurred in very poor visibility more often than any other 
type of accident. The visibility at the accident site ranged 
from zero to one mile in 95 accidents. Fog was responsible for 
the reduced visibility in most of these accidents. This group of 
accidents occurred three times more often at night than during the 
day. In 54 percent of these accidents there was some form of 
precipitation present which indicates a cloud ceiling was also 
present. 


In almost all of the accidents which were controlled 
collisions with a stationary object, the pilots' navigation was 
imprecise and it is assumed they either did not see the impending 
collision or saw it too late to avoid the accident. At night, 
especially, with reduced visibility, it would be nearly impossible 
to see the ground, trees, or unlit objects in time to avoid a 
collision. With a low ceiling, even in good visibility, the 
accidents could occur while the aircraft was still in the clouds, 
or immediately after breaking out of the clouds. In these cases, 
transition from instrument to visual flying probably never 
occurred. When the visibility is better, especially during the 
day, the pilot has more time to transition and react so that a 
collision can usually be avoided. 


Accidents which were controlled collisions with a stationary 
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ob joct varied as a tunet ion of the phase ot land inn, the type ot 
approach, and the terrain. Oollidina with trees was the most 
common type ot accidents on t inal approach. Tonether with 
collidinn with the qrouiui, these account 1 01 ot t lu' 1 ! 1 ' final 
approach accidents. From t ho remarks included in the accident 
briefs, it was found that the pilot descended below the lonal 
minimum IFR alt i tude in halt t he accidents which involved 
controlled collisions while on f i na 1 approach. Ovet halt ot the 
con t ro 1 led collisions occurred dm inn nonproc i s ion* approaches 
whert' there was no vert ical course nuidance. Tht' number ot these 
collision accidents which occurred in mountains is almost equal to 
the number which occurred on level around. Many in the aviation 
community have the opinion that a pilot is more likely to collide 
with a mountainside than level around dm inn instrument weather. 

It tht' supposition that there are less approaches attempted in 
tin' mountains is true, then there aro more collision accidents 
per approach in the mountains. 


The second most frequently occun inn types ot accidents 
happened when the aircraft flared and touched down. This croup 
account s for *1° ot the t land inn phase accidents and includes 
J r ' hard land inns, 14 wheel -up land inns, t> near retracted and 4 
near collapsed. These accidents caused extensive dniitune to tin' 
aircraft but did not cause any fatalities or so i ions injuries 
because of tin' low airspeed and low vert i ca 1 descent rate at 
touchdown. One problem t hese accidents indicate is with the pilot 
cent roll inn the aircraft when air t tamo ice is present. From the 
accident briefs it was found that hard land i nns were usually due 
to the pilot not eompensut inn properly tot airtrame ice. Another 
problem on touchdown is the pilot not havimi the com down and 
locked. The remarks indicate that wheel s-up ami coat retracted 
accidents uenerally occurred as a result ot the pilot not 
tollowiini his usual prelandinq rout i lie due to (wall workload. 


Overshoot accidents include aircraft which touched down but 
wert' no inn too tast and were too far down the runwav to stop 
before the end ot tin' runway. One way this type accident could 
occur is it tin' pilot had spotted the airport in t ront ot him on 
final approach and t i i ed to land but was too close to the runway 
tor .i normal descent . The v i sua 1 -descon t -po i n t markers currently 
bo inn installed at some nonproo i s i on approach airports should 
help in this situat ion. Another way this type ot accident could 
occur is it the runway is icy or it the pilot compensated for 
airframe ice by eomitni in faster than usual. 


Other trequently occurring types ot accidents i. elude stalls, 
uncont ro l 1 ed collisions with tin' around and enoino failures. The 
•'8 stall accidents include 17 ronulat stalls, mushes, and 4 

Mn the data, the accidents which stated the aiteiaft was on an 
1 LS approach, but i he aircraft was not a 1 ides 1 ope equipped, have 
been separated and u rouped as nonpreoision approaches. 
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spins. All of tho spin accidents wore fatal and 54 percent of 
t ho other stalls were fatal. Most of the stall accidents occurred 
in relat ively qood weather. The accidents occurred over three 
times more often durinq the day than at niqht, and 24 of the 28 
accidents had one mile visibility or better. This type of acci- 
dent indicates a control problem when the aircraft performance 
has deteriorated. Information from t bo briefs and remarks 
ind icat e t tiat ai rf rame ice and low ceilinqs are prevalent factors 
in stall accidents. In cases with liqht icinq, the stal 1 usually 
occurs after the pilot made visual contact with the airport at 
low altitude but was not in a position to land and tried to 
maneuver into landinq position. In heavier icinq, the pilots 
often lost control on initial or final approach. This accounts 
for the majority of stall accidents in dayl iqht and relatively 
qood V' i s i b i 1 i t v . 

Uncontrolled collisions with the around were 82 percent 
fatal. This is t he hiqhest fatality rate of all of the different 
types of accidents. The number of accident s is distributed 
evenly with respect to visibility. In low visibility outside 
of clouds, a pilot can usually see q round directly below him and 
therefore maintain spatial orientation. However, flyinq in clouds 
or darkness dot a not afford the pilot outside orientation as 
evidenced by the fact that more than half the accidents occurred 
at niqht. The briefs indicate that both t ho day and niqht 
accidents had low ceilinqs but the cause at niqht was usually 
spatial disorientation whereas the cause durinq the day was 
usually loss of aircraft control due to aircraft icinq or turbu- 
1 once . 


The accidents involvinq enqino failures were almost all due to 
fuel exhaustion. This accident usually occurred after the first 
approach, either on t ho missed approach or on subsequent 
approaches. Knqine failure due t o fuel exhaustion was the sinqle 
most often cited type of accident on missed approaches. 


Pilot Experience 


Table X presents the type of certificate held bv the pilot 
in SPIER pilot error 1 indinq accidents in terms ot selected 
mission variables. Ot the 115 accidents examined, 187 involved 
commercial pilots of which (a) had instructor rntinqs. It appears 
that commercial pilots had accidents in worse weather than 
private or air transport pilots. Tho visibility was one mile or 
less in 51 percent ot the accidents involvinq commercial pilots 
compared to J9 percent for all other pilots. It was dark in 84 
percent ot the accidents involvinq commercial pilots compared to 
about 50 percent for all other pilots. The hiqher level ot 
cent i ilence displayed by t ho commercial pilots may have been a 
causal factor in their accidents. 
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Professional pilots were involved in almost half of the 
accidents examined. These pilots were well qualified. Two-thirds 
of the professional pilots had a commercial certificate while all 
but one of the remaininq one-third had an ait transport certificate. 
The nonprof ess iona 1 pilots were also well qua 1 i t ied. Over half of 
these pilots had commercial air transport cert 1 1 icates. 

Commercial pilots accounted for the majority of the accidents, 
but private pilots had a hiqher accident rate. In 197.1, the 
instrument rated private pilots accounted for 10 percent ot the 
instrument rated pilots (ref. 1). This f iqure appears to bo 
representative of other years. However, private pilots accounted 
for J5 percent of the SPIFR-pilot error lnndinq accidents. 

Commercial pilots accounted for t>9 percent of the instrument rated 
pilots but only r >0 percent of the accidents. This indicates that, 
in this case the private pilot accident rate was three times hiqher 
than the commercial pilot rate. This is probably because the 
flyinq skills of the private pilot are not necessarily as well- 
developed or maintained .is those of commercial pilots. 

Tables XI, XI l, and XI 11 present data on pilots' total time, 
instrument time, and time in last l Ul days. The tables contain the 
number of accidents and an estimate of the number of instrument 
rated private and commercial pilots in the U.S. m the l l >t>8 time 
peri oil. The estimate ot the pilot population was calculated by 
multiplyinq statistical data, from a pt ivate and commercial pilot 
survey by Ohio State University, (ref. ) , by the total number ot 
active* private and commercial pilots in l‘U>0. The survey did 
not include air transport cert if ioated pilots so the accident data 
in tables XI, XII, and XI 11 were adjusted for this tot comparison 
purposes. The result i nq number ot accidents in each hourly ramie 
was divided by t In' est imated number of pilots in each ramie and by 
1 years to obtain an estimated number o t accidents per pilot per 
year. These values are compared to determine how the accident rates 
vary with pilot experience. This analysis assumes that the distri- 
bution of pilots with respect to t liqht t into did not vary over the 
twelve year period and it does not take into account that all 
pilots do not fly in sinqle pilot operations. 

Table XI shows the distribution of pilots' total t ime. The 
averaqe total time is about .1000 hours. The accident rate is the 
hiqhest for pilots with less than 100 hours and it decreases for 
pilots with between 100 and 1000 hours. The rate increases for 
pilots with between 1000 and 7000 hours and then decreases beyond 
7000 hours to the lowest level. It is t houqht that this t lend 
indicates that experience is an important factor below several 
thousand hours total time. Between 1000 and 7000 hours over 
confidence may have a neqative effect, and beyond 7000 hours an 

♦Pilots who were issued medical certificates 
pr i or to t he survey . 
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attitude change toward increased safety may be the key factor. 

Table XII shows the distribution of pilots' actual instrument 
time. Pilots with less than 20 hours of actual instrument time 
had a slightly higher accident rate than pilots with 20 to 100 
hours. Pilots with over 100 hours of actual instrument time had 
accidents twice as often as pilots with less hours. Again, it is 
thought that higher rate for pilots with low actual instrument 
time is due to lack of experience and the rate for pilots with 
large amounts of actual instrument time is due to over confidence 
which resulted from previous successes. 

Table XIII gives the data on pilots' time in the 90 days 
prior to the accident. The accident rate was lowest for pilots 
with less than 24 hours in the last 90 days, approximately the 
same for pilots with 25 to 200 hours and highest for pilots with 
over 200 hours. This trend is difficult to explain in view of the 
trend shown in Table XI. It would seem that the pilots with the 
most time in the last 90 days would be the safest and vice versa, 
however, just the opposite is true. One possible explanation is 
that the pilots that are flying a lot are becoming over-confident 
and are flying in low IFR weather whereas the pilots at the other 
end of the spectrum are much more cautious and don't fly if the i 

weather is forecast to be low IFR. 


Table XIV gives the number of pilots involved in accidents 
grouped according to time in type. The pilots with 0 to 50 hours 
in type had 53 accidents while pilot with 50 to 100 hours had 
half as many accidents. This same trend is true on a larger 
scale. Pilots with between 0 to 300 hours in type had 148 
accidents while pilots with 300 to 600 hours ir. type had 73 
accidents. Again, this supports the need for methods to increase 
pilot proficiency. Also, it indicates that pilots should adjust 
their personal weather minimums according to their time in type. 

The accident data showed that 272 of the 335 pilots involved 
in theSPIFR accidents had a multi-engine rating. Further, 211 
of the 335 accidents were in twin engine aircraft. Reference 2 
shows that of the private and commercial pilots surveyed in 1968, 
45 percent conductec their IFR operations in twin engine aircraft. 
The accident data shewed that of the 211 twin engine aircraft 
accidents 159 pilots had private or commercial certificates, and 
of the 124 single engine aircraft accidents 116 had private or 
commercial licenses. Thus, 58 percent of the SPIFR accidents, 
where the pilot had a private or commercial license, occurred in 
twin engine aircraft. Hence, based on the 1968 survey, it can be 
seen that even though 45 percent of the IFR operations were 
conducted in twins 58 percent of the SPIFR accidents occurred in 
twins. This indicates that the higher workload involved in flying 
a twin and the higher level of pilots' confidence inherent in 
flying with two engines may be a causal factor in SPIFR accidents. 
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CONCLUDING REMARKS 


An examination and analysis of the sinqle pilot instrument 
flight rule (SPIFR) accident data for the years 1964-1975, 
compiled by the National Transportation Safety Board, was made 
for the purpose of identifying critical problem areas in SPIFR 
operations. The accident reports examined were restricted to 
instrument rated pilots flying IFR weather. A brief examination 
was made of accidents which occurred during all phases of flight 
and which were due to all causes. A detailed examination was 
made of those accidents which involved a single pilot, which 
occurred during the landing phase of flight, and were due to pilot 
error. The landing phase was selected because of the large 
number of accidents that occurred in this phase. From these data, 
the following information was found. 

o Single-pilot pilot error accidents are increasing at a 
rate of 3.5 accidents per year. This rate is three times 
the dual-^ilot pilot error rate. There were 877 single- 
pilot pilot error accidents, 446 of which occurred during 
the landing phase. Of the 446, there were 335 on IFR 
flight plan. 

o Improper IFR operations were given as a cause/factor in 
170 of the 335 SPIFR accidents. In 104 of the improper 
IFR operations accidents fog was also a cause/factor 
and in 68 low ceiling was a cause/factor. Icing was a 
cause/factor in 56 accidents and fuel exhaustion was a 
cause/factor in 14. 

o There were 152 SPIFR accidents where the aircraft collided 
wings level with trees or with the ground. In 63 percent 
of these the visibility was one mile or less and in 70 
percent it was dark. 

o Of the 335 SPIFR accidents there were 96 which occurred 
while the pilot was executing an ILS approach and 90 
while executing a VOR approach. In general, the 
approaches which allowed lower descents had a higher 
percentage of accidents at night. 

o There were 139 SPIFR accidents which occurred during 

final approach. In these cases, the number of accidents 
doubled for every mile decrease in visibility. The 
initial approach phase had the highest fatality rate 
with .63 fatal accidents per accident. There were no 
fatalities in the levelof f /touchdown or rollout accidents. 

o There were 240 SPIFR accidents which occurred in fog, 

180 in the dark, and 62 in below minimums weather. Air 
taxi-passenger and ferry operations had the highest below 
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minimums accident rates. 

o Commercial pilots were involved in 56 percent of the 335 
accidents, however, the number of accidents per 100,000 
private pilots was three times that of commercial pilots. 
Forty-six of the accidents involved professional pilots. 

o The pilots in the 335 accidents had an average of 3000 
hours total pilot time. The pilots with less than 300 
hours total time had the highest estimated accident rate 
and pilots with more than 7000 hours had the lowest. The 
accident rate for pilots with less than 100 hours of 
actual instrument time was one-half that of pilots with 
more instrument time. The accident rate was lowest for 
pilots with less than 25 hours in 90 days and highest for 
pilots with more than 200 hours. 

o Fifty-eight percent of the SPIFR accidents occurred in 
twin engine aircraft whereas an estimated 45 percent of 
the IFR operations were conducted in twins. 

After analyzing the accident data, the following problem 
areas were identified. 

o Landing phase operations, especially on the final approach 
segment 

o Low visibility operations at night due to fog and low 
ceilings 

o Flight in icing conditions when the aircraft is not 
deicing or anti-icing equipped 

o Imprecise IFR navigation 

o Below minimums approaches 

o Weather data dissemination techniques and pilot 
understanding 

o Fuel mismanagement and inadequate fuel quantity 
information 

o Pilot overconfidence due to high instrument time and time 
in last 90 days 

o Low pilot time in aircraft type 

o High workload, especially in twin engine aircraft 

Research aimed at solving these problems must emphasize low 
cost, low volume, low weight equipment, and human factors 
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considerations. The followinq are suggested areas of research. 

o Cockpit displays of aircraft position on area mapping 

o New types of deicing or anti-icing equipment 

o Low/medium frequency receivers which can give on-course 
information 

o Standardized and human factors designed navigation 
instrument displays 

o Improved fuel management systems 

o Better methods for pilots to safely acquire experience 
and increase proficiency 

o Better cockpit displays of weather information 

o Improved air-to-ground communications which would reduce 
pilot workload 

o Improved basic aircraft stability and control 
o Low-altitude warning systems 
o More effective pilot training methods 
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APPENDIX A 


Glossary 


The following terms are used in this report and the general 
definitions given are intended to help the reader comprehend the 
data presented. Technical detail has been omitted from these 
definitions. (Refs. 3, 4, 5) 


AIR TRANSPORT PILOT - Pilot who has obtained an air transport 
certificate by meeting specified experience requirements. Does 
not imply the pilot is a professional pilot. 

AIRCRAFT ACCIDENT - An occurrence associated with the operation of 
an aircraft which takes place between the time any person boards 
the aircraft with the intention of flight until such time as all 
such persons have disembarked, in which any person suffers death 
or serious injury as a result of being in or upon the aircraft or 
by direct contact with the aircraft or anything attached thereto, 
or the aircraft receives substantial damage. 

BUSINESS FLYING - The use of aircraft by pilots in connection 
with their occupation or in the furtherance of private business. 

CAUSE/FACTOR - Categorizes the cause and related factors 
associated with an accident. There can be more than one cause 
of an accident. 

CEILING - The height above the Earth's surface of the lowest 
layer of clouds covering more than half the sky. 

COMMERCIAL PILOT - Pilot who has obtained a commercial pilot 
certi f icate . Does not imply the pilot is a professional pilot. 

CONDITION OF LIGHT - The type of light available baaed on the time 
of day. 

CONTROLLED COLLISION WITH GROUND/WATER - Includes accidents 
wherein the aircraft was capable of being controlled and was 
under control of the pilot when the collision occurred. 

CORPORATE/EXECUTIVE OPERATIONS - The aircrafts are operated by a 
corporation or business firm for the transportation of personnel 
or cargo in furtherance of the corporation's or firm's business, 
and which are flown by professional pilots receiving a direct 
salary or compensation for piloting. 

DECISION HEIGHT (DH) - The lowest altitude to which descent is 
authorized on final approach in execution of a standard instru- 
ment approach procedure where electronic glideslope is provided. 
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APPENDIX A 


Glossary (cont'ci) 

ENGINE FAILURE OR MALFUNCTION - Includes accidents where the 
enqino stopped or power was Interrupted for any reason, including 
fuel exhaustion. 

EN ROUTE PHASE - The segment of flight from after the initial 
cl imbout until reaching the initial approach fix. 

FATAL INJURY - Any injury which results in death within 7 days 
of the acciden t . 

FINAL APPROACH PHASE - Segment of the landing phase between the 
f inn 1 approach fix and the runway, airport or missed approach 
point. 

FUEL EXHAUSTION - Aircraft ran out of fuel. 

GEAR COLLAPSED - Collapse of gear due to mechanical failure other 
than malfunction of retracting mechanism. 

GEAR RETRACTED - Retraction of gear due to inadvertant or 
premature retraction by crew or due to malfunction of retracting 
mechnn i sm. 

HA RD LANDING - Stalling onto or flying into runway or other 
intended landing area with sufficient force to cause aircraft 
damage . 

INITIAL APPROACH PHASE - Segment of the landing phase between the 
initial approach fix and the final approach fix. 

INJURY INDEX - Refers to the highest degree of personal injury 
sustained as a result of the accident. 

1 NS T RU M ENT APPROACH PROCEDURE - A series of prodetermi nod maneuvers 

for the orderly transfer of an aircraft under instrument flight 
conditions from the beginning of the initial approach to a 
landing, or to a point from which a landing may be made visually 
provided there is adequate visibility and ceiling. 

INSTRUMENT METEOROLOGICAL CONDITIONS - Meteorological conditions 
expressed in terms of visibility, distance from cloud, and 
ceiling less than the minima specified for visual meteorological 
condi t ions. 



LANDING MIN I MUMS - The imum visibility prescribed for landing 
an aircraft while using an instrument approach procedure. Prior 
to November 18, 1967, minimums included a ceiling. After this 
data, the ceiling was added to the airport elevation to determine 
the minimum descent altitude. 

LANDING PHASE - The segment of flight from the initial approach 
fix until the aircraft reaches the missed approach fix at the 
prescribed altitude or taxis off the runway. 

LEVELOFF/TOUCHDOWN PHASE - The segment of the landing phase from 
when the pilot raises the nose of the aircraft to stop the 
vertical descent rate to when the aircraft is firmly in contact 
with the ground. 

MINIMUM DESCENT ALTITUDE (MPA) - The lowest altitude to which 
descent is authorized on final approach or during circle-to- land 
maneuvering in execution of a standard instrument approach pro- 
cedure where no electronic glideslope is provided. 

MISMANAGEMENT OF FUEL - Improper switching of fuel tanks, 
miscalculation of fuel consumption and duration, or failure to 
lean air/fuel mixture into engine. 

MISSED APPROACH - The segment of the landing phase between the 
missed approach point, or point of arrival at decision height, 
and the missed approach fix at the prescribed altitude. 

NONTRECISION APPROACH PROCEDURE - A standard instrument approach 
procedure in which no electronic glideslope is provided. 

OVERSHOOT - Landing too fast or too far down the runway or other 
intended landing area resulting in (a) running off the end of the 
landing area, (b) ground looping, nosing down or overturning off 
runway, and (c) landing beyond the intended landing area. Used 
only when ground contact is made. 

PH AS E OF F L I GUT - The segment of flight during which the 
circumstances of the accident occurred. Includes static, taxi, 
takeoff, inflight, and landing. 

PHASE OF LANDING - The particular segment of landing during which 
the circumstances of the accident occurred. Includes initial 
approach, final approach, 1 eve lof f /touchdown and rollout. 

PILOT ERROR - The pilot in command failed to carry out his 
responsibi 1 i ty for the operation and safety of an aircraft during 
flight time. 

P LEAS Li RE F I ,V I NG - Flying by individuals in their own or rented 
aircraft for pleasure or personal transportation not in further- 
ance of their occupation or company business. 
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PRECISION APT ROACH PROCEDURE - A standard instrument approach 
procedure in which an electronic glides lope is provided. ILS 
and PAR are the only types o f precision approaches. 

PROCEDURE TURN - The maneuver prescribed when it is necessary to 
reverse direction to establish an aircraft on the intermediate 
approach segment or final approach course. 

PROFESS 1 01’ A L PILOT - Pilot whose primary occupation is piloting 
aircraft . 

ROLLOUT - The segment of the landing phase from the point of 
touchdown to the point where the aircraft can be brought to a 
stop or exit the runway. 

SERIOUS INJURY - Means any injury which (1) requires hospitaliza- 
tion for more than 48 hours, commencing within 7 days from the 
date the injury was received, (2) results in a fracture of any 
bone (except simple fractures of fingers, toes, or nose), (3) 
involves lacerations which cause severe hemorrhages, nerve, 
muscle, or tendon damage, (4) involves injury to any internal 
organ, and (5) involves second or third degree burns or any burns 
affecting more than 5 percent of the body surface. 

STATIC PHASE - The segment of flight when the aircraft is on the 
ground and not moving. Includes when the engines are operating 
and not operating and includes when the aircraft is at the ramp 
or the run-up area. 

TAKEOFF PHASE - The segment of flight from the beginning of the 
takeof f roll through the initial climb out. 

TAXI PHASE - The segment of flight when the aircraft is in transit 
on the ground. Excludes the take off and landing roll. 

TRANSITION - Change from one phase of flight condition to another. 
Usually refers to change from flight by reference to aircraft 
instruments to flight by outside visual reference. 

TYPE AIRCRAFT - As used with respect to the cert i f icat ion , 
rati ngs, privileges , and limitations of airmen, means a specific 
make and basic model of aircraft, including modifications thereto 
that do not change its handling or flight character ist ics . 

UNCONTROLLED COLLIS IO N WITH THE 0 ROUND/ WATER - Includes accidents 
in which the aircraft is capable of be I ng controlled but is not 
under control of the pilot. Does not apply if aircraft previously 
struck another object or collided with another aircraft. 

UNDERSHOOT - Landing or making contact with ground or object short 
of the runway. On IFR approaches, an undershoot can occur only 
after the field is in sight. 
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VISIBILITY - The average forward horizontal distance at which 
prominent unlighted objects may be seen and identified by day 
and prominent lighted objects may be seen and identified by night. 

VISUAL DESCENT POINT - A defined point on the final approach 
procedure from which normal descent from the MDA to the runway 
touchdown point may be commenced, provided visual reference is 
established. 

WEATHER BRIEFING - A service provided by Flight Service Stations 
and National Weather Service to pilots which includes weather 
information and Notices to Airmen. 

WHEELS-UP - Landing gear no f lowered and locked prior to contact 
with the ground. Excludes inadv’ertant retraction on ground and 
collapses due to failure or malfunction. Includes intentionally 
retracting or not extending landing gear. 
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APPENDIX B 


ADF 

ASR 

DH 

FAA 

FAR 

IFR 

ILS 

LOC 

MDA 

NDB 

NTSB 

PAR 

SPIFR 

VFR 

VOR 


Abbreviations 

Automatic direction finder 
Approach surveillance radar 
Decision height 

Federal Aviation Administration 
Federal Air Regulation 
Instrument flight rules 
Instrument landing system 
Localizer 

Minimum descent altitude 

Nondirectional beacon 

National Transportation Safety Board 

Precision approach radar 

Single Pilot Instrument Flight Rules 

Visual flight rules 

Very high frequency omnidirectional range 
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TABLE I.- FREQUENTLY CITED PILOT ERRORS AND RELATED CAUSE/FACTORS IN SPIFR 
LANDING ACCIDENTS 






















































TABLE III.- FLIGHT PURPOSE AND SELECTED MISSION VARIABLES IN SPIFR 
LANDING ACCIDENTS. 







TABLE IV.- TYPE OF WEATHER BRIEFING RECEIVED BY PILOT AND 

SELECTED MISSION VARIABLE IN SPIFR LANDING ACCIDENTS 
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TABLE V.- OBSTRUCTION TO VISION AT THE ACCIDENT SITE AND 
SELECTED MISSION VARIABLES IN SPIFR LANDING 
ACCIDENTS. 
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TABLE VI.- CONDITION OF LIGHT AT TIME OF ACCIDENT AND RELATED 
MISSION VARIABLES ON SPIFR LANDING ACCIDENTS 
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TABLE VI.- Continued 




TABLE VII.- PHASE OF LANDING AND SELECTED MISSION VARIABLES 
IN SPIFR LANDING ACCIDENTS 
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TABLE IX.- TYPE OF ACCIDENT AND SELECTED MISSION POOR QUALITY 

VARIABLES IN SPIFR LANDING ACCIDENTS 


TOTAL 

335 

— 

(N m sj 

— < <r <r co 

r»H •— i 

O' on O' o n 

uo co m cn cn 

vD-H<frOinvO>JN 
CO CO CN vO 00 'J CN 

O CN CO 
00 CO CN 


Other 

o 

cn ^ co 

vO O' fO ih CJ CN 

CO CN CN 

VT v£> 


Roll 

oo 

p i 

m co 

2 

16 

Os r-, 

Or"—! 


Hard Landing 
Gear Up 
Gear Ret. 
Etc. 

49 

CNi 

40 

9 

N (N O in N 00 

pH pH 

9 

33 

7 


Over- 

Shoot 

- 

00 *H CN 

- 

H CM in H H 

m v£> 


Under- 

Shoot 

CN 

*—H 

m h vc n 

< r>. 

— i — . m cn m 

- - 


Engine 

Failure 

33 

cni oo <r 

H 00 fO N 

i— H 

p-H CO CO CJ 00 vO sf vC 

CN 00 CO 

pH ^ 

— 

Stalls 

28 

vt in m n 

^■H 

m 

(SI M Cn X 'D — 

sO O M 
CN 

Uncontrol 

Collision 

with 

Ground 

22 

1 

1 

2 

“ . 

vo m «-h 

c-i ^ cn r vC c\ vO 

sO \C 

Collided 

with 

Stationary 

Object 

152 

«— * oo <r 

CN H CN 00 

4 CO CN H O 
rO O' •— i 

vf l/N vO H O' N N 
CN CN *-H CN CN — * 

in O 
O m i 

— 

Type of 
^ \Accident 
Relayed 
Variables 

TOTAL 

— 

INJURY INDEX 
None 
Minor 
Serious 
Fatal 

PHASE OF FLIGHT 
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TABLE IX.- continued 






TABLE X.- TYPE OF PILOT CERTIFICATE ANT) SELECTED MISSION- 
VARIABLES ON SPIER LANDING ACCIDENTS 
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TABLE XIV.- SPIFR LANDING ACCIDENTS IN TERMS OF PILOTS' TIME 
IN TYPE OF AIRCRAFT 
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